Short-pulse, extreme-ultraviolet continuum emission from a table-top
laser plasma light source
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We have observed extreme-ultravio{@UV) “line-free” continuum emission from laser plasmas

of high atomic number elements using targets irradiated with 248 nm laser pulses of 7 ps duration
at a power density of~10" W/cn?. Using both dispersive spectroscopy and streak camera
detection, the spectral and temporal evolution of XUV continuum emission for several target atomic
numbers has been measured on a time scale with an upper limit of several hundred picoseconds
limited by amplified spontaneous emission. 1®97 American Institute of Physics.
[S0003-695(197)02212-2

The advent of table-top lasers capable of generatingossible. Measurements of a thulium plasma spectrum driven
picosecond/subpicosecond pulses with energies in the randy a 20 (0.53 um) 80 ps amplified spontaneous emission
of mJs to hundreds of mJs has permitted the study of lasefASE) free laser pulse with an on-target irradiance of

target interactions at ultrahigh irradiancésp to 10%  ~10" Wi/cn? showed continuum emission over the wave-
W/cn?). Stimulated Raman backscattehard x rays with  length range of 3—30 nm on a time scale-0100 ps.
energies up to 1 MeV¥, high harmonics of the laser A table-top, high average power laser plasma x-ray

frequency® subpicosecond FIR emissiénand MeV elec- sourcé® was developed at RAL using a picosecond excimer
trons produced by laser wake-field acceleratitiave all laser system. This system demonstrated very HifPo
been observed from such plasmas. Most experiments ha@@nversion efficiency from laser energy to 1 t@uL shel)
observed incoherent x-ray emissiolf at photon energy X-fay radiation by using a very high laser power density
hy>1 KeV, where x-ray pulse durations were measured(~ 10" W/cnP) on target. This letter investigates the suit-
they were predominantly on the picosecond time scale. ability of this system, used at moderate on-target irradiance,
Plasmas formed by table-top long pulse len¢gtd—100 0 geperate supnanosepond “line-free” Xuy cqntinuum
ns lasers generating pulses of moderate endf)s—100s €MISsion from high atomic number plasmas. Time integrated

mJ have become well established light sources in manyliSPersive spectroscopy was used to record the XUV con-
laboratories. For typical on target irradiances of!210 tinuum emission as a function of target atomic number. The

Wi/cn?, such plasmas are brightest at sub-KeV photon ener-spectral purity,” single shot sensitivity and an upper time

gies. Extreme ultravioleXUV) emission durations are com- limit qn the.duration of broa(_:i band X.UV.Qmission were
parable with the laser pulse widfrand increase to typically established in order to determine the suitability of the source
hundreds of hanoseconds with decreasing photon energy in{8r potential applications in, e.g., “pump and probe” type

the vacuum ultravioletvUV).*® Stud'lo‘es. — . N i
The observation of clean line-free continuum emission schematic diagram of the experimental Setup used to

from such plasmas formed on high targets (e.g., rare measure time integrated spectra is shown in Fig. 1. A Spectra
earth$ by Carroll and co-workef€ opened up the possibility Ehgf;i'?’;? 852y rlcﬂc:ronr(:)l:jslyée%u;np;qemg;j? 4?2;?(; dye Izlas;zr
of a high brightness, table-top continuum light source for perating Z produ series ps pulses

photoabsorption applications which had been exclusively
limited to synchrotron light sources. To date, long pulse laser Phosphor Face Plate
plasma continua have been used as secondary VUV light 795 KIF Laser Beam
source standard$, for photoelectron spectroscopy,soft
x-ray lithography?? VUV reflectivity measurements, near-
edge x-ray absorption spectroscody¥EXAFS),?* pulsed la-
ser deposition dynamics,and XUV/VUV photoabsorption
of laser produced plasmé%?’

An important postscript in laser plasma continua devel-
opment is an experiment using the Nd:Glass Vulcan laser at 2 (E;;';.“;""‘ . K;;jg:;g
the EPSRC Central Laser Facififywhich demonstrated that

XUV continua with subnanosecond pulse durations wereFIG. 1. Experimental setup used to record time integrated XUV spectra. For
time resolved measurements, the grating and XUV multichannel detector
were replaced by a thin film filter and XUV sensitive streak camera, respec-
3E|ectronic mail: costelloj@dcu.ie tively.

XUV CCD Detector
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separated by 12 ns which were then converted to the third
harmonic at 248 nm and amplified in single pass in a pair of
KrF excimer laserd® A 20 ns pump cycle in the two excimer
lasers resulted in two 7 ps pulses, each having an average
energy of 15 mJ, within each KrF laser cyclke 1 m f/10
plano convex lens was used to focus laser light to an irradi-
ance of~10'® W/cn? onto both continuously moving tape
and rotating cylindrical targets vacuo Spectra were re-
corded using a flat field spectromet@i=S similar to that
discussed by Kita and co-workéfperated in either of two
modes: for moderate resolution, an entrance(slitith=75 100 120 140 160 180 200
um) was located~230 nm from the grating center while for Photon Energy (eV)

high throughput with lower resolution a slittess mode was

employed with a source—grating distance-0900 mm. The FIG. 2. Mylar®, Copper, and Samarium spectra obtained in high resolution

dispersed XUV spectrum fell on a bhosphor coated face Iatmode (Slit width=75 um). The y-axis graduations on the left hand side
p y p - . p p Plaliter to cu and Sm while those on the right hand side refer to Mylar®.

and the resulting visible image was read out by a synchro-

nized and fiber-optically coupled CCD camera system. The o ) ) -

1024 pixel length of the CCD covered a photon energy rang.?m with increased line structure which reduces it's attrac-

of approximately 60—240 eV with dispersion across the deliVeness for photoabsorption applications.

tector array varying from~0.06 eV per pixel at 60 eV to The single shot sensitivity of the_: source-spectrometer

~0.5 eV per pixel at 240 eV. Studies were confined to theSystem was demonstrated by removing the entrance slit to

XUV/soft x-ray region from 70 to 300 eV. High order spec- allow increased flux to fall on the detector plane. A single
tral contributions from plasma light of photon energj00 shot emission spectrum from a lead plasma with an average

eV were almost eliminated by using a double reflection fro of 2x10° photons per mrfipulse ath»=200 eV is shown in

a pair of gold mirrors, oriented at a grazing angle of 8°, as a9 3- The system gain W"! be sig.nificantly -incrgased |n the
optical low pass filter. The reflectivity of the mirror pair was future_ using toroidal ‘FOUF"'”Q optics resul’_[lng |n.suff|C|ent
less than 0.05 for energies above 200 eV resulting in thdUX Yields for potential applications requiring single-shot

spectral region of 100-300 eV being virtually free from or- sensitivity at high spectral resolution such as dynamics of

der sorting problems. Light emerging from this optical low '2S€ asblated plasma plumes used in pulsed deposition tech-

2
pass filter was coincident with the optic axis of the spectromMdues: o " .
eter as the mirrors were aligned parallel to each other. XUy,  1he relative intensities of XUV continua produced by
spectra from a number of targets including Mylar® the high atomic number metals lead, gold, and samarium are

(C,0HgO4) and copper tapes, and samarium, lead, and go|§hown uncorrected for grating/mirror response in Fig. 3. The
rods were recorded. spectra represent the mean value of the accumulation of 100

To measure the duration of plasma emission, time re[aser pulses on target with an average energy of 15 mJ per

solved emission data were obtained with a Kentech™ streaRU/S€- Lead produces the brightest continuum and it's low
camera. Dispersed spectra were not streaked due to the lafRSt and ease of machining make it a strong candidate for an

of toroidal coupling optics between source and spectrometef UV, Short pulse duration, continuum light source. In order
which resulted in insufficient flux. Instead a simple thin film 1© investigate the spectral reproducibility of the source, two

of Mylar® was used for vuv filtering. The XUV window consecutive lead spectra were accumulated over 100 laser

defined by the gold mirror pair and a Ou2n-thick Mylar® shots eachl andl,). The ratiol,/l, was calculated and

filter has a peak transmission of 18% at approximately 145ghis procedure was repeated for a series of similarly recorded
eV and provides a FWHM bandpass of 85 eV. pairs of spectra. The ratios obtained lie withirb% of an

Time integrated, predominantly first-order spectra 0fexpected value of 1 and serve to demonstrate the high degree

10° Photons / mm? / pulse

Mylar®, copper, and samarium obtained with the FFS oper-

ating in high resolution mode are shown in the 100-200 eV 7 Pb-Single shot | 2%
energy range in Fig. 2. The spectra shown are uncorrected 3 a4
for the combined reflectivity of the gold mirror pair and grat- 2 ‘

ing. Calibration data on the spectral response of the phosphor > s 2.0
coated face plate cum CCD detecfowas used to convert E 6
counts/pixel to photons/mfrin the focal plane of the spec- E Au '

trometer. The spectra represent an average of the accumula- § 3 e
tion of 1000 laser pulses on target, each with a mean energy E > | Sm 1 o8
of 15 mJ per pulse. The left hand sigdeaxis in Fig. 2 refers P

to copper and samarium spectra while the corresponding axis °3 i 104
on the right hand side refers to the Mylar® spectrum. The 0 ' : : : 0.0
transition from predominantly line emission to line free con- 120 140 160 180 200 220

tinuum emission as the target atomic number is increased is Photon Energy (V)

C'lear- At high resolution, .Samarium prOduceS_ a smogth CONFiG. 3. Comparison of continuum emission spectra obtained from a number
tinuum whereas XUV emission from copper Is more Intensef high-Z plasmas recorded with the flat field spectrometer in slitless mode.
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100000 picosecond laser driver with a view to obtaining shorter du-
ration XUV emission and also to demonstrate the use of the
light source in dual-laser plasifaexperiments.

This work was funded under the EU-Human Capital Mo-
bility programme. The DCU Group acknowledges partial
support from Forbairt(The Irish Science and Technology
Agency).
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FIG. 4. Time history of XUV emission from a lead plasma. Inset: The
spectral window as defined by the gold mirror pair and gr2 Mylar®
filter.
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